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SECTION I 
INTRODUCTION 

OBJECTIVE 

The main objective of this report is to identify permeability measurement 
devices currently in use or adaptable for measuring the ability of a Porous 
Friction Surface (PFS) to drain. This report was written to assist in select
ing a permeability device for use on airfield PFS pavements. 

BACKGROUND 

The loss of friction because of inadequate bulk water drainage from run
way surfaces is a worldwide problem. Common runway pavements which provide 
the most adequate bulk water drainage can bf grouped into the following types: 

1. Grooved Portland Cement Concrete (GPCC) 
0.25- x 0.25- x 1.5-inch (6.4- x 6.4- x 38.l mm) transverse saw-cut 
grooves. 
Grooves are cut in cured concrete pavement; these grooves provide 
water drainage. 

2. Plastic Grooved Portland Cement Concrete (PGPCC) 
Grooves are made with a heavy rake while concrete is in the plastic 
or uncured state. 

3. Grooved Asphalt Cement Concrete (GAC) 
Dense asphalt pavement; grooves made by saw-cut or reflexive--per
cussive method. 

4. Porous Friction Surface (PFS), also known by such names as popcorn 
mix, open-graded mix, porous friction course, and plant mix seal. 
PFS is an open-graded overlay placed on an existing pavement in a 
thin layer, optimally 0.75- to 1.00-inch (19- to 25 mm) thick, to 
increase the surface texture and improve water drainage. 

Of these pavement types, PFS compares favorably as a solution for inade
quate drainage and surface texture. Pavement permeability and texture are the 
most important physical features of PFS with respect to aircraft runway fric
tion. Several variables affect the bulk water removal or permeability of PFS. 
Accurate measurement of PFS permeability can be used to recognize variables 
affecting permeability values and also aid in correcting problems during 
design, construction, and maintenance of PFS pavements. 

SCOPE 
This report discusses PFS permeability, its effect on runway operations, 

the principle variables affecting PFS permeability, and the devices used to 
measure it. Related information is also presented which establishes the 
dependency of friction and hydroplaning on pavement drainage; flow through 
porous media theory is discussed in relation to permeability testing tech
niques; and a discussion on PFS performance emphasizes the need for porous 
friction surface permeability testing. 

1 



SECTION II 
FRICTION AND HYDROPLANING 

The development of friction between an aircraft tire and pavement surface 
is a complex phenomenon. The theory relating the interaction of the tire and 
pavement structure ts not simple. Factors such as the influences of rain (wet 
surface), aircraft dynamics, variable pavement surfaces, and pilot operational 
technique present a theoretical problem that has become a lifetime study of 
many researchers in the aerospace and pavements industry. 

Yager (Reference 1) discusses the principal factors of weather, aircraft, 
runway, and pilot technique which combine to affect aircraft ground-handling 
performance during wet runway operations. These components are shown in flow
chart fonn in Figure 1. 

Figure 1 shows that atmospheric conditions and runway geometry control 
the runway water depth. Aircraft tire design, inflation pressure, and ground 
velocity coupled with the texture characteristics of the pavement surface are 
shown to control the tire-pavement drainage capability. The water depth and 
drainage capability govern the amount of tire-pavement friction available. 
Yager does not specifically mention pavement permeability as a factor, how
ever, PFS macrotexture has been shown to provide drainage channels between the 
tire and pavement. These channels increase the tire-pavement drainage cap
ability while decreasing the runway water depth. The influence of aircraft 
design and pilot input are also known to influence the performance of an 
aircraft on wet runways. 

In reviewing the factors which influence aircraft runway performance, 
Reference 1 states that several approaches are needed to alleviate the sever
ity of the problem. These include continued pilot education and training, 
implementation of procedures for monitoring slippery runway conditions, imple
mentation of procedures for notifying pilots when severe runway conditions 
exist, improvement of antiskid brake system performance, and prompt remedial 
treatment of runway surface drainage problems. The quality of the pavement, 
from a surface texture standpoint, must also be ensured at the design, 
construction (quality control), and maintenance levels during the life of the 
pwement. 

TIRE-PAVEMENT FRICTION THEORY 
As previously stated, the theory of tire-pavement interaction with regard 

to friction ts quite involved. A number of major works have been written on 
the subject of tire-pavement friction. The most notable theoretical discus
sions on this subject are by Moore (Reference 2) and Kummer (Reference 3). 
While these authors emphasize the importance of tire and rubber design in 
friction development, they also note the importance of pavement surface tex
ture, particularly macrotexture and microtexture. 

Reference 2 differentiates macrotexture from microtexture as follows. 
The individual asperities or stones in a pavement surface constitute the 
macrotexture, while the finer asperities (or grit) on the larger asperities 
constitute the microtexture. Figure 2 illustrates the difference between 
macrotexture and microtexture. According to Reference 3, typical wavelengths 
(>.) associated with macrotexture are 6 to 20 mm (0.25 to · 0.80 inch), and for 
microtexture 10 to 100 ~m (0.0004 to 0,004 inch). 
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MACROTECTURE 

MICROTECTURE 

FIGURE 2. PAVEMENT ROUGHNESS INDICATING MACROTEXTURE AND MICROTEXTURE 
(REFERENCE 2) 

Good pavement macrotexture provides drainage channels between the tire 
and pavement surface. These channels promote quick removal of bulk water, 
decreasing the likelihood of producing water depths necessary for dynamic 
hydroplaning to occur (Reference 4). Good microtexture penetrates the thin 
water-film coating of wet pavement to maintain dry contact between the tire 
and pavement. 

HYDROPLANING THEORY 
A general definition of hydroplaning is the loss of traction between tire 

and pavement due to the presence of a layer of water. Browne (Reference 5), 
in discussing pneumatic tire hydroplaning, states there are three types of 
hydroplaning; dynamic, viscous, and reverted tire rubber. 

Dynamic hydroplaning occurs when the amount of water encountered by the 
tire exceeds the combined drainage capacity of the tire tread pattern and the 
pavement macrotexture. It occurs in deep fluid layers where fluid inertial 
effects predominate. The pressure on the ti re surface increases with increas
ing tire speed until it is greater than the internal tire pressure, which 
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results in a complete separation of tire from pavement. It is known that the 
dynamic hydroplane velocity is proportional to the square root of the tire 
pressure. Horne and Joyner (Reference 6) found that 

VH:; 1.8~ (1) 

where VH is in meters per second (m/s) and PIN is the tire inflation pressure 
in kilopascals (kPa). 

Viscous hydroplaning occurs predominately on surfaces with little micro
texture. This lack of microtexture promotes a thin water film between tire 
and pavement. This type of hydroplaning can occur at any speed and at any 
fluid depth. The tire pressure determines whether viscous hydroplaning will 
persist at moderate or high speed; the greater the inflation pressure, the 
more likely viscous hydroplaning will develop rather than dynamic 
hydroplaning. 

Reverted tire rubber hydroplaning occurs when large aircraft lock their 
wheels (or spin up at touchdown) when moving at high speeds on wet pavement 
with adequate macrotexture but little microtexture. Heat build~p at the tire
pavement interface from sliding causes the rubber to melt. The tire then 
slides on a film of molten rubber, water, and steam. 

A more elaborate discussion of the tire-pavement interaction mechanism 
during hydroplaning is presented by Moore (Reference 7). Moore considers the 
case of a tire rolling on a wet surface at speeds below the hydroplaning limit 
(or velocity). Hydroplaning upward thrust exists in the wedge just ahead of 
the tire contact area. The magnitude of this thrust is dependent on factors 
such as; effective tread width, water layer depth, tire inflation pressure, 
vehicle velocity, and pavement surface texture. 

Sufficient drainage through a porous surface such as PFS can impede or 
prevent dynamic hydroplaning. Bulk water drainage delays, to much higher 
speeds, fluid dynamic pressure buildup which causes dynamic hydroplaning. 
Flow of fluid through porous media is essential to bulk water removal. 
Several theories and modeling techniques have been used to describe the 
phenomenon of flow through a porous media. 

5 



SECTION II I 
THEORY OF FLOW THROUGH POROUS MEDI~ 

The most common theory of flow through a porous media is Darcy's law. 
Based on an experiment in 1856, a relationship was discovered between flow, 
area, and decreases in hydraulic pressure. Simply stated, Darcy's law is 

where 

Q = KiA (2) 

Q = volumetric flow (L 3/T) 
K = a permeability constant dependent on physical properties of both 

the fluid and the medium tested (L/T) 
= a hydraulic pressure gradient (AP/6X); change in pressure is 

expressed in height of water divided by sample length (L/L) 
A= cross-sectional area of sample (L2 ) 
L = length 
T = time 

To increase its applicability, Darcy's law is expressed in differential 
form: 

where 

k/u 
k 

µ 
q 

grad(p) 
y 

q = - ! y grad(p) µ 

= 
= 

= 
= 
= 

= 

K 
is specific permeability constant of media without effects 
of fluid (L2) 
absolute viscosity of fluid (M•T/L 2) 
volumetric flow per unit area or seepage velocity (L/T) 
hydraulic pressure gradient (L/L) 
specific weight (M/L 3 ) 

( 3) 

Darcy's law is only valid for laminar flow of a fluid. Compounding this 
inadequacy, the transition from laminar flow to turbulent flow in a porous 
medium occurs at a very low Reynolds number. This critical Reynolds number 
ranges between 0.1 and 75 (Reference 8). For example, a sand with a porosity 
(ratio of volume of voids to the total volume) of 19.7 percent becomes 
turbulent at a Reynolds number of less than 0.5 (Reference 9). Since Darcy's 
law is only valid in a limited range of flow conditions, researchers have 
sought to generalize it by various empirical and analytical techniques. 
Reference 9 cites a number of such techniques, however, such techniques proved 
unsuccessful for extending Darcy's law to the turbulent flow regime. 

Another limitation of Darcy's law is that the permeability constant must 
be determined experimentally. For this reason, attempts have been made to 
determine the value K analytically by considering the geometry of the medium. 
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Geometric representations of the medium have included the following: 

1. Straight Capillaric Models 
2. Parallel Capillaric Models 
3. Serial Capillaric Models 
4. Hydraulic Radius Theories 
5. Kozeny Theory 
6. Drag Theories 
7. Statistical Theories 

All of the above theories are modifications of Darcy's law and are dis
cussed in detail in Reference 8. Each of these theories helps ·plain parti
ally the complexities of Darcy's permeability constant K, yet none proved to 
be a substitute for the experimentally derived coefficient of permeability K. 

Therefore, when using the permeability constant as criteria for either 
design or maintenance, care must be taken to ensure that the value used is 
correctly measured and applied. 

DIRECT WATER AND AIR PERMEABILITY MEASUREMENTS 
Most water and air permeability measurement techniques found in this 

literature search expressed permeability as flow rates. Expressing permeabil
ity in this way is not a strictly valid expression of Darcy's law, yet, when 
dealing with field testing of pavements, neither the cross-sectional area of 
flow nor the hydraulic pressure gradient can be directly measured, therefore, 
permeability cannot be computed. In one study, permeability measurements from 
variable and constant head tests were expressed as "time to fall" and "flow 
rate" respectively. Using these values, the coefficients of permeability 
K(cm/s) were computed using equations relating flow path, area, head, and 
time. These equations are derived in Reference 10. Expressing permeability 
directly as a flowrate is much less complex. For thi $ reason, many research
ers have adopted the use of flow rates to compare pavement drainage character
istics. The m~asured flow rates can be classified into one of three groups: 

1. Flow through the surface channels formed by the pavement's 
macrotexture. 

2. Flow through the porous pavement itself. 
3. Combined flow through both the surface channels and the porous 

pavement. 
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Methods have been devised to measure both the combined flow and the flow 
through porous pavement. To measure the combined surface flow and porous 
flow, rubber gaskets simulating the draping and sealing characteristics of 
tires are used. This sealing condition measures combined flo~,. To separate 
the effect of pavement texture from the porous pavement, grease or commercial 
sealants are used between the pavement and measuring device. These devices 
use two fluids, air and water, in two test modes, static or dynamic. Static 
devices are used for ease of setup and repeatability of results. These 
methods do not simulate flow conditions under a moving tire; however, they 
eliminate variance due to compressibility of fluid, combined turbulent and 
laminar flow regimes, high load seating requirements, and transient pressure 
gradients. Dynamic test methods are used to simulate actual operating condi
tions. These methods require highly skilled personnel, since test results 
depend on close control of setup and operating conditions. 
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SECTION IV 
PERMEABILITY OF POROUS FRICTION SURFACES (PFS) 

In the United States, PFS pavements have mainly been used for highway 
pavement surfacing. PFS airport pavements have been constructed in the United 
States, but the most frequent use of PFS airport pavements has occurred in 
Western Europe and England. PFS is a free-draining, open-graded overlay that 
can be placed on a pavement in a thin layer, optimally 19 to 25 mm {0.75 to 
1 inch). PFS is used to increase the texture and improve the drainage of an 
existing pavement. 

The basic differences in design, construction, and performance require
ments for PFS are traffic loadings. In highway pavements, the traffic charac
teristics are high density, light loads, and low tire pressures [maximum 
690 kPa (100 lb/in. 2 )]. Airport and military PFS pavements must perform under 
relatively low density and heavy loarl conditions with high tire pressures 
[maximum 2758 kPa {400 lb/in. 2 )]. PFS pavements for highways are sometimes 
designed for high traffic density and, in other applications, for high perme
ability. Most airport PFS pavements are designed with high permeability for 
internal drainage of water through the mixture. 

EFFECT OF CONTAMINANTS 
Contaminants on PFS pavement can affect its permeability. Sand spread on 

PFS runways during icy conditions has shown no adverse affect on permeability 
of the pavement. Jet engine exhaust and wind usually remove the sand before 
it has an opportunity to fill the pavement voids {Reference 11). The buildup 
of debris in voids has led to eventual clogging with a loss of permeability in 
highway PFS pavement {Reference 12). In another study of highway pavements, 
PFS test sections retained permeability {Reference 13). The difference 
appears to be in mix designs, construction controls, and pavement base 
conditions. 

Jet fuel, hydraulic oil, and chlorobromomethane {used in firefighting) 
will dissolve the asphalt binder used in PFS. Delamination can result, caus
ing a serious runway debris problem. However, new PFS pavements resistant to 
fuel and chemical spills are being r. .veloped {Reference 11). 

Rubber buildup, resulting from aircraft operations, has a detrimental 
affect on permeability, which results in poor internal drainage. Loss of 
friction and increased hydroplaning potential are a direct result of poor 
drainage during wet runway operations {Reference 14). Observation of Air 
Force Base PFS pavements seems to indicate that less rubber buildup occurs on 
PFS than on conventional pavements {Reference 15). Various major airports 
have successfully removed rubber from their PFS pavement by the use of a high
pressure water {HPW) removal technique {Reference 16}. Rubber deposits can be 
satisfactorily removed from PFS surfaces assuming they are properly construc
ted and not previously damaged {Reference 11). When rubber buildup is a prob
lem, regular removal is a necessity to maintain adequate performance and ease 
of continued rubber remova 1 ( Reference 11). Damage to PFS during rubber 
removal has been known to occur. One reason for damage is an inadequate bond 
between the PFS and the pavement base {Reference 17). 
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EFFECT OF ENVIRONMENT, CONSTRUCTION, MAINTENANCE, ANO DESIGN 

A study of PFS, based on a very harsh winter in the Rocky Mountain 
region, proved that maintenance requirements are not excessive for PFS even in 
severe climates (Reference 18). On the other extreme, very high temperatures 
have caused some rutting and shoving problems (Reference 15). Cracking and 
raveling that occurred seemed to be from overlaying PFS on a poor pavement 
base structure, placement during unfavorable ambient temperatures, or permit
ting traffic access too soon after construction. PFS cannot prevent reflec
tive cracking when used over structurally unsound existing pavement. 

Attempts to seal cracks in PFS have been made. Some materials used are 
joint sealing compounds, sand asphalt mixtures, and precoated aggregates. The 
former two joint sealing methods will fill in the PFS voids and force the 
water to flow over the treated cracks. Use of precoated aggregate of about 
the same gradation as in the existing PFS appears to be a successful solution. 
Sealants have been successfully used on transverse joint cracks, but the seal
ant dams up the PFS when applied to cracks perpendicular to the direction of 
flow (Reference 11). Some attempts have been made to use asphalt seal coats 
for PFS maintenance. These attempts resulted in decreased internal drainage 
which worsened with increased seal coat applications. 

Water in properly constructed PFS during freeze-thaw cycles in cold 
climates appears to have no serious adverse affects (Reference 18). PFS may 
aid in the removal of patch ice through the convection of warm air under the 
ice. However, when not properly constructed, a problem with PFS in some 
severe climates has been the formation of small circular blisters on the pave
ment surface caused by the development of ice lenses. During snow removal 
operations, the small areas affected by the blisters were scraped off. On one 
particular runway, water from the subbase was forced up through the cracks and 
joints in the underlying pavement. Blisters resulted from this water, which 
was trapped between the pavement and the PFS overlay (Reference 11). Degrada
tion of the underlying pavement, caused by water penetration, can occur if an 
inadequate seal coat exists between the PFS overlay and pavement base. An 
inadequate bond between the PFS and base can also result in delamination. 

Damage from jet exhaust blast has only been a problem on military air
bases where the inclined exhaust blast of military aircraft strikes the pave
ment, or the afterburners are activated before rollout (Reference 17). Burn
ing of PFS from exhaust blast can cause severe raveling (surface breakup due 
to loss of interaggregate bond) when aircraft remain standing with engines at 
a high thrust level (Reference 11). 

With respect to the mix design of PFS, permeability is sensitive to 
changes in asphalt content, aggregate gradation, asphalt penetration grade, 
and percent voids in finished pavement (Reference 18). These variables in PFS 
mix design all affect the percent of pavement voids. Asphalt content should 
be chosen to obtain maximum stability and also minimize asphalt-filled voids. 
The aggregate should be of very high quality to prevent fracture or aggregate 
fatigue with resulting asphalt bleeding and void content loss. Too high a 
percentage of fine aggregates causes bleeding which can plug the PFS voids 
as shown in Figure 3 (Reference 19). This plugging of PFS has occurred in 
highway applications with a combination of very hot climates and high traffic 
volumes (Reference 12). High-penetration grade asphalts are more prone to 
bleeding and stripping under heavy traffic volumes and high temperatures. 
Figure 4 shows the affects of aggregate size and void content on permeability. 
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Pavement permeability is a function of the percent voids in the mix. Accord
ing to White (Reference 19), the percent voids should be about 30 percent in 
airport PFS pavement. Permeability testing is recommended by White to verify 
proper PFS drainage. 

Factors influencing the permeability of pavement (Reference 20) during 
construction and through its design life for high\'tay applications are: 

1. Segregation of mix during placement. 
2. Temperature of mix during rolling. 
3. Weight of roller. 

4. Tire or contact pressure of roller. 
5. Ambient temperature during mix placement. 
6. Void content of the compacted mix. 
7. Amount of traffic before winter rains. 

The Texas Transportation Institute (Reference 13) identified, through 
highway experience with Open-Graded Asphalt Friction Courses (OGAFC), several 
variables ranked in descending order according to their effect on PFS. 
Table 1 lists variables affecting the drainage capacity of PFS. The variables 
listed in Table 2 influence its structural stability and durability. 

COMPACTION DUE TO REPEATED WHEEL LOADINGS 
One of the most important physical factors of PFS with respect to pave

ment friction is permeability. Volumetric flow rate in milliliters per minute 
and velocity units in feet per day are used to express permeability in the 
studies cited. Velocity is found by determining the drop in head over time. 
Volumetric flow is determined by measuring the drainage of water into the 
pavement over time. The minimum desired permeability for PFS is about 
1000 ml/min (34 oz/min). This minimum figure was adopted by WES after evalua
tion of permeability tests, using WES equipment over a 3-year period on U.S. 
Airfield PFS pavement (Reference 17). A permeability study (Reference 11) on 
13 PFS runways, including 6 British military bases, 5 European military bases, 
1 U.S. military base, and 1 U.S. commercial airport showed that 9 of the 
runways had less permeability in the interior sections than in the edge sec
tions. The remaining four runways had higher permeability measurements in the 
interior. Comparing the pavement edge and the touchdown zone, eleven sections 
had lower permeability in the touchdown zone, one edge section had lower per
meability, and one touchdown section was not tested. The results of this per
meability study are tabulated in Table 3. 

These data indicate some compaction in the interior zone of the runway 
caused by aircraft traffic. On some runways lower permeability values may 
have been caused from overcompaction during the placement of PFS. Permeabil
ity values in touchdown sections reflect rubber buildup, overcompaction during 
construction, and compaction due to the aircraft traffic (Reference 11). 
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TABLE 3. POROUS FRICTION SURFACE FIELD SAMPLES LABORATORY 
PERMEABILITYa (REFERENCE 11) 

Base Touchdown Interior Edge 

RAFb Alconbury 1235 2225 3095 
RAF Bentwaters 1260 1740 1670 
RAF Lakenheath 350 1430 1130 
RAF Mildenhall 460 1100 1860 
RAF Upper Heyford 1715 3590 4170 
RAF Woodbridge 3520 1610 3350 
Bitburg Airbase 670 1410 1600 
Hahn Airbase 160 125 290 
Ramstein Airbase 85 1090 575 
Spangdahlen Airbase 380 630 860 
Wiesbaden Airbase Nf 175 65 
Hi 11 Air Force Base 0 0 200 
Stapleton Inter-
national Airport 0 50 725 

aPermeability in millimeters per minute throu~h a 
cross-sectional area of 2026.8 mm 2 (3.14 in. ). 

bRoya l Air Force 
c Not Tested 
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A related study (Reference 18) of three U.S. military bases and seven 
U.S. commercial airports with PFS runways revealed a similar trend. Sections 
in and out of traffic areas measured for permeability showed less permeability 
in the traffic sections. The data from this study are shown in Table 4. 
These data suggest that the relationship between the British Pendulum Number 
and PFS permeability is inconclusive. The British Pendulum Number seems to be 
a better indicator of microtexture and polish rather than bulk water 
drainage. 

Permeability of PFS and compaction under hi y loading conditions have 
also been evaluated. In one study (Reference 21,. a circular test track was 
used to evaluate six open-graded bituminous aggregate mixtures (OGBAM). These 
base courses were loaded repeatedly and tested for permeability. The base 
courses were rated according to the following requirements: 

1. Adequate capacity to drain the pavement rapidly and retention of this 
capacity for some realistic service life. 

2. Resistance to plugging. 

3. Possession of sufficient stability so that the behavior of the drain
age system itself does not interfere structurally with the behavior and the 
performance of the overall paving system. 

The OGBAM tested were essentially PFS with an average void content of 
29.1 percent, which is comparable to a PFS overlay. The OGBAM were tested on 
76 mm (3 inches) of prepared subbase and the OGBAM were considered as base 
drainage layers for PCC pavement. The OGBAM had an average thickness of 102 mm 
(4 inches), which is greater than the approximately 25 mm (1 inch) of PFS 
normally used for an overlay. In comparison, the drainage properties of OGBAM 
and PFS appear to be similar. The coefficient of permeability for the two 
gradations of OGBAM used was estimated at 3.5 cm/s (10,000 ft/day). This 
coefficient was determined by flooding the pavement with a constant head of 
water and measuring the flow of water through the pavement into a ~ollection 
basin. It was concluded, after loading the six OGBAM pavements with up to 
246,000 load applications, that satisfactory performance can be obtained using 
OGBAM pavements. 

In a study of highway applications of PFS (Reference 13), pavement per
meability was shown to be influenced by the thickness of the OGAFC (Table 5). 
The OGAFC was shown to have less permeability and quickly became impermeable 
under traffic when constructed about 12.7 nvn (0.5 inch) thick. A 19- to 25-mm 
(0.75- to 1-inch)-thick layer of OG.~FC is shown to have much greater permea
bility throughout its life. The skid number (SN) and dynamic hydroplaning 
potential as a function of rainfall intensity are also compared with permea
bility in Table 5. 



Site 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

TABLE 4. 1974 POROUS FRICTION SURFACE (PFS) EVALUATION (REFERENCE 19) 

Average Skid 
Fl ow Rate for Resistance, 
Fa 11 i ng Head BPN «l 
Permeability, 

Location Traffic Area ml/min Dry Wet 

Pease AFB In 476 94 60 
Out 2031 94 72 

Hot Springs In 3000 94 72 
Out 4800 95 74 

Nashville In 100 94 52 
Out 1403 88 73 

NAS, Da 11 as In 3216 68 

Kirtland AFBb 
Out 3675 95 66 

Test Section 1 Out 363 87 63 
Test Section 2 Out 1265 83 67 
Test Section 3 Out 67 84 63 
Test Section 4 Out 33 81 67 
Test Section 5 Out 373 82 66 
Test Section 6 Out 

f 0 83 62 
Test Section 7 Out --- 82 68 
Test Section 8 Out C --- 80 63 

Great Fa 11 s In 1354 95 76 
Out 2 Cli8 98 83 

Stapleton In 67 98 62 
Out 718 94 74 

Bartlesville In 1539 95 67 
Out 1452 

d_:~ 
67 

Salt Lake City In 641 61 
Out ,_o:~ d 

f-~~ 
---Greensboroe In f ---

Out 4824 90 63 

aThe BPN [British Portable (Tester) Number] represents the frictional 
property of the PFS as determined using ASTM E 303-69. 

bDue to the limited amount of traffic applied to the test sections, it 
was assumed that the results were indicative of an out-of-traffic area. 

~Permeability was too high to measure. 
Surface was too wet to measure dry BPN. 

~Newly constructed pavement. 
Data not available. 
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TABLE 5. INFLUENCE OF LAYER THICKNESS ON DRAINAGE AND SKID 
RESISTANCE OF OPEN-GRADED ASPHALT FRICTION COURSES 
(REFERENCE 13) 

Point in Layer Thickness Layer Thickness 
OGAFC Life Cycle O. 75 to 1 in. ~ o. 5 in. 

As constructed High permeability. Low permeability. 
Good drainage. Fair drainage. 
Low probability of Low hydroplaning if 
dynamic hydroplaning I < O. ()lj i n. / h. 
i f a I < O. 5 i n • / h • Good macrotexture; 
Good macrotexture; high speed SN depends 
high speed SN depends on aggregate used. 
on aggregate used. 

At life-cycle Medium permeability. Impermeable. 
mid-point (total Fair drainage. No drainage. 
traffic 15-20 x 106 Low probability of Dynamic hydroplaning 
vehicles per lane) dynamic hydroplaning resistance depends on 

i f I = O. 1 to O. 2 i n • / h. drainage through 
Good macrotexture; surface macrotexture. 
high speed SN depends Original macrotexture 
on aggregate used. preserved so that high 

speed SN depends on 
aggregate used. 

At life-cycle Low permeability. Impermeab 1 e. 
end-point (total Low to fair drainage. No drainage. 
traffic 3~40 x 106 Low probability of Dynamic hydroplaning 
vehicles per lane) dynamic hydroplaning res is ta nee equa 1 

i f I < O. a; i n. / h. to chip seal surface 

.' 

Good macrotexture; with same macrotexture. 
high speed SN depends Macrotexture and high 
on aggregate used. speed SN depend on 

aggregate used. 

alntensity of rainfall 
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PAVEMENT PERFORMANCE 
A PFS applied to highway surfaces has been shown to lose permeability 

after about 1 to 2 years of service (Reference 22). This loss was shown to be 
caused from compaction under traffic and clogging by debris. For highway 
surfaces, PFS is suitable (because of retained surface texture) as a wet
weather skid-resistant surface, even when permeability is lost. In contrast, 
a similar study (Reference 13) indicated that PFS retained permeability 
throughout the life cycle with average daily traffic (ADT) of up to 20,700 
vehicles. This study concluded that the life expectancy for a properly con
structed PFS pavement appeared to be a minimum of 35 million vehicles per 
lane, or about 7 years. A factor which will limit life expectancy is the 
tendency of the asphalt binder to harden. The porosity of PFS leaves it open 
to atmospheric exposure, which can lead to oxidation and asphalt hardening. 
Figure 5 shows the susceptibility of PFS to hardening; if the asphalt cement 
becomes too hard in service, cracking and raveling of the surface layer may 
occur. Figure 5 illustrates an increase in wet weather safety performance of 
pavement due to the greater drainage capacity of open graded (PFS) pavement 
compared to dense graded pavement. 

The stopping distance of highway traffic on wet PFS has been shown to be 
favorable (Table 6). The performance of PFS compared to dense-graded asphalt 
shows a 271 percent reduction in stopping distance for vehicles on wet non
flooded PFS. 

With respect to airbase pavements, an evaluation by the British Depart
ment of Environment, after 8 months of extensive airbase operations at RAF 
Mildenhall, concluded that useful PFS service life should be at least 10 years 
(Reference 15). During construction, three variables affecting performance 
and appearance of PFS were gradation, bitumen content, and mixing temperature 
or viscosity. PFS can be constructed with confidence where good construction 
quality control procedures carefully monitor these variables (ReferencP 11). 
If a few precautions are taken--primarily correct maintenance procedures--PFS 
will exhibit excellent performance and durability under aircraft traffic, even 
when subjected to severe climatic conditions (Reference 17). 
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FIGURE 5. PERFORMANCE OF COMPACTED BITUMINOUS MIXTURES 
AS INFLUENCED BY THEIR POROSITY (REFERENCE 13) 

Vehicle Estimated Level 
Pavement Speed, Road Braking 

Pavement Condition mph Di stance, ft 

Dense-Graded Ory 55 126 
OGAFC Dry 55 126 
Dense-Graded Wet; 55 720 

o. 09-1 nch 
water depth 

OGAFC Wet but 55 194 
not flooded 

aTire--ASTM E 501 0.34-in. tread, 24 lb/in. 2 
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SECT ION V 
PE RMEABILITY TE STING DEVICES 

Pe rmeab ility equipme nt is us ed to indicate pavement drainage characteris
tics . Pave1 11 ents wit f1 bett er drainage capability und permeability tend to have 
be tter fr i cti on al proper t i es . Whil e the evaluation of permeability is an 
in dex in dicat iv e of the f r i ct i on l eve l of a pavement sur face, its usefulness 
as a f r i ctional pred icti ve to ol is poor. Permeability equipment proves useful 
as a co ns tru ct io n qua lity con t rol de vi ce , and as a measure of decreasing per
meab ility (infering decreasi ng fr i ct ion levels) dur i ng a pavements life. The 
latt er is use fu l for ma intenance purpo ses. 

Pennea bil i ty devi ce s s tud i ed in the l iterature were of two types, static 
and dynami c . St atic perme abi l i ty t es t s measure pavement pe rmea bility accur
a te ly up to the hyd rodynami c press ure ran ge which has been shown to occur at a 
vehicl e speed of nbout 64 km/h ( 40 mph) (Reference 23). Dynamic permeability 
tes t s are an attempt to mea sure permeability in t he hydrodynami c pressure 
range . The de vic es surveyed used either air or water as the fl uid for the 
te st procedure . Th e majority of t he devi ces use static test met hod s. Some 
requ irements for ideal stati c fl ow conditions (Referen ce 24) are: 

1. Continuity of fl ow with no volume change during a t est . 
2. Fl ow with the void s fu ll y sa t urated, 
3. Steady-state fl ow wi th no changes in pres sure gradient. 
4. Direct proporti onali ty of vel ocity to flow with pre ss ure gradients 

be low certain values, at whi ch turbulent flow starts (Laminar flow). 

These conditions and also the following criteria were used to compare the 
de vi ces surveyed: 

1. Type of seal used at the equipment-pavement interface. 
2. Comparison of the device to some standard. 
3. Repeatability of the testing device data. 
4. Ease of equipment us e. 
5. Portability for field use. 

Two dynamic and four static permeability devices were considered for use 
on PFS (Table 7). Most of these devices, with appropriate adaptors, could be 
used either in the field or in the laboratory. The test devices are summa
rized ac cording to advantages, disadvantages, and limitations in Table 8. 
These devices are discussed in detail on the following pages. 

DYNAMIC PERMEABILITY DEVICES 

Two dynamic permeability devi ces were studied; one used water and the 
other air as fluids to determine pavement permeability. The dynamic water 
device (Reference 23) uses an explosively pressurized 16,129-mm2 (25-in. 2 ) 
rectangular piston to force the piston, and the fluid beneath it, against the 
specimen su r face (Figure 6). The res ulting hydrodynamic pressure is similiar 
to the buildup of hydrodynamic pressures under an aircraft tire as tire hydro
planing speed is developed (Referen ces 6 and 23). 
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OSCILLOSCOPE 
INTEGRATOR 

VALVE CHE CK 
PRESSURE VALVE 

r-----~~1-t~~~~~~~H----- TRANSDUCER 

FIGURE 6. SCHEMATIC OF EXPLOSIVELY PRESSURIZED DEVICE USED TO 
MEASURE HYDRODYNAMIC CHARACTERISTICS OF PAVEMENT 
SURFACES (REFERENCE 23) 
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-
Pave111l'11 t nd spec im en inte rface co nsist s of vJa t er trapped t o a spec ific 

depth by Ill e\ te ri al pl ac ed on the paveme nt arou nd the equipment perimet er. The 
dyn amic devi ce using 1ater was te st ,d by t he Uni vers ity of Ke ntucky (Refer
enc e 23) , The tes t resu lts 1vere compared to that of a Soil tes t AP-400A static 
air meter (no l onge r man ufac t ured) . The compa rison showed static t est proce
dure s onl y apply to mea ur ing the po te nt i al of hydrop l ani ng at speeds up to 
64 kn/h (40 111 i/h ) . This dev ice was f iel d- t ested and had good repeat ability;* 
but t •s t· in rap id successio n cau sed a scatter in da t a po i nts. Heating of the 
pis ton cylin er and buildup of ur ned 9un po wder depo s its were the co ntrolling 
va r ·i ble s . It is thought t hat this device wou ld be diffi cult to set up on 
PFS because the wctte r required for pav ement i nterfac e would be difficult to 
t rap at suffic i -nt de pths fo r opera tio n of the testin g apparat us. This device 
has no t been tested on airfi eld PFS. The dyn amic bl ast of water into the 
sam pl e cou ·ld poss i bl y dama ge the paveme nt. This device has been used for 
f ield nd l abo rato ry t est ing on hi ghway pave111 r. nts. 

For dyna mic air permeabi lity testing, a device (Referen ce 26) was devel
oped u i ng a compressed ai r t ank, a pressuri zed chamber with a pres sure regu
l ato r, and ball val ves . This equ i pment rel ea ses a blast of pressurized air 
from th disc h rge chamber i nto the pav emen t (Figures 7 and 8). The pressures 
genera t ed were usua l l y v, i t hi n the pres su re range of 90 to 283 kPa (13 to 
41 l b/ in . 2 ), c ited in Reference 6, 1<1 hi ch would be generated by high1\lay vehi
cl es . In con t ras t (Reference 6) , hydrodynami c pressures generated using a 
Type vrr ai rcra ft tire 1ve re O to 1379 kPa (0 to 200 lb/in. 2 ). Therefore, this 
dev ice may no t be usefu l on air f ield pavements where higher hydrodynamic pres
sures are exerted , whi ch may exceed t he equipment capacity. 

Pa vement t o eq ui pment int erface is sealed with a commercially available 
sealant, ap pl i ed in a 3. 18-mm (0.125-inch)-diameter strand. The dynamic air 
perm abil i ty dat a pl otted wi t h stat ic water permeability data had a correla
t ion coeff i c ient of r = 0.803. Good repeatability was shown in this compari
son , bu t whe n dynam i c ai r permeability data were plotted with static air per
mea bili ty dat a , a le ss s ignifi cant correl a tion was found. Because air is 
comp ressi bl e, i t i s probab ly affected by two void types, continuous and 
occ l uded (s topped-up ) voids . St atic water permeability is affected only by 
contin uou s voi ds . The greater the perc entage of occluded voids, the greater 
the va r iance cou ld be i n the compari son of data. The dynamic air permeability 
dev ice app ea rs to be ea sy t o use and car ry as a portable unit for field use. 

STATI C PERM EABILI TY DE VICES 

Other equipment co ns idered is of t he static type. These devices should 
m et the ·idea l cond iti on s stated ea rli er for stati c flo~,. Several types of 
devi ces were cons ide red and all of the eq uipmen t was adapted or adaptable for 
fie l d rnd l abo rato ry use. 

The Pen nsylv ania State Universi ty St ati c Air Pe rm ea bility Meter (Refer
ence 27) cons i sts of t hree com pres sed a i r tanks , a dou ble ai r regulator, an 

*Perso nal Commun ·icat ion , J. W. Hutc hin so n 
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FIGURE 7. DYNAMIC AIR OUTFLOW METER 
(REFERENCE 26) 
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ai r f ilter, on-off switch, three precision metering valves, five airflow 
mete rs, and a pressure gage. This device uses pressurized air input at a 
consta nt pressure to measure airflow rate through porous pavement (Figures 9 
and 10). Static conditions for ideal flow are met by this device. A commer
cia l sealant can be used for the pavement to equipment interface. 

The static air permeability test data were plotted with static water 
pe rme abili ty data and found to have a correlation of r = 0.918. The device 
ha s good repeatability and is easy to use. Measurements of permeability in 
5 seconds with a variation in flow from 0.2 cm 3 /day (0.012 in. 3/day) to more 
t han 25 ,000 cm 3/minute (1526 in. 3/minute) are possible. Depending on the 
pa vement permeability, about 1500measurements can be taken without refilling 
the compressed air tanks. The device is compact enough to fit in a single 
su itcase (Figure 9). 

The .American Society for Testing and Materials (ASTM) Static Air Permea
bi l ity Meter (Reference 24) measures the rate at which air can be forced 
(pres su re system) or drawn (vacuum) at low pressures through bituminous pave
me nts {Figure 11). At the pavement interface, a soft rubber ring is used to 
sea l t he device to the pavement. It can be used for four procedures, two 
laboratory and two field. Tests can be conducted using either the pressure 
or vac uum system. The equipment consists of four parts: 

1. Pressure control device 
2. Manometer 
3. Field cell 
4. Laboratory eel l 

Th i s procedure may not meet the requirements for ideal flow because of the 
fal ling head used to develop air pressure. This method produces a constantly 
decreas ing air pressure which should be compensated for to obtain accurate 
fl ow rates. A very similar device (Figure 12) developed by the California 
Re sea rch Corporation (subsidiary of Standard Oil Company of California) was 
f ield tested by Pennsylvania State University and was found to have some other 
di sa dva ntages (References 27 and 28). At least 1 minute is required to obtain 

quantity of flow, which must be timed and then converted to a flow rate. 
The device has a maximum air output of 3ai mm (12 inches) of water pressure 
[ about 3.5 kPa (0.5 lb/in. 2 )]. The pressure at stopcock 3 (Figure 12) must be 
la rge enough to create a pressure at the pavement surface which can be 
detec ted at the manometer. As much as 552 kPa (80 lb/in. 2 ) pressure has been 
shown to be required. Therefore, this device is probably inappropriate on a 
hig hly porous surface such as PFS because of the low pressure generated. 

No correlation between the results of this device to other permeability 
te sts were made, but good correlations were shown using pavement core perme
abi lit ies compared to readings obtained from in-place pavements using this 
de vi ce (Refe rence 29). The repeatability of this device was shown to be 
reas onab le in tests by the California Research Corporation. The ASTM Static 
Air Permeability Meter is portable for field or laboratory use. 
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FI GUR 9. STATI C AIR PERMEAB ILITY METER 
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PR ES SU RE PORT VA CUUM PORT 

LE VEL BU BB LE 
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CYLINDER 
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RETAINER-----~~~~~- RUBBER SEAL CO LLAR 
AREA RING 

RUBBER SEALING COMPOUND 
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·,• ' '1 •• , • 
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© 

1000 ml 

CRO SS BAR .. , · · .. ~SSURE PORT 
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TIGHTENING 

RING PRESSURE RING (D 
TIGHTENING KEY....

(c) LABORATORY CELL 

WATER RESERVOIR 
RUBBER (a) PRESSURE CONTROL DEVICE 

AIR CHAMBER 

------ALUMINUM CUP, 

-------4-in (102-mm) 
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FIGURE 11. ASTM STATIC AIR PERMEABILITY METER 
(REFERENCE 24) 
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FIGURE 12. SCHEMATIC DIAGRAM OF CALIFORNIA RESEARCH 
CORPORATION STATIC AIR PERMEABILITY METER 
( REFERENCE 28) 
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Mo ore ( R: ference 7) ex periment ed with an out fl ow water permeabi 1 i ty meter 
to meas ure the surfa ce dra inage capa city of laboratory specimens. The outflow 
me er was modif i ed i n a late t' s t udy by pressurizing the water cylinder and 
surcharg ing t he equipment wi t h ai r pressure (Reference 30). The modified 
out flo\~ meter is bet te r adapted to laboratory tests. Another modification of 
Mo ore ' s outf low mete r was made by Birmingham University when the rubber seal
ring was thi ckened. This modifi cation reduced leakage around the pavement
de vi ce int er fa ce to give mo re ac curate permeabi 1 i ty measurements on porous 
surfa ces. 

The ~irmingh am University outflow meter (Reference 31) consists of a 
tra ns pare nt cylinder with a hole on the pavement contact end through which 
wate r ou tf low is controll ed, a rubber ring, and a weight which is applied to 
the top of the devi ce (F i gure s 13 and 14). This device uses a falling head 
to meas ure t he combin ed flow of water through a test sample. The pavement
devi ce i nterface uses a rubber ring, which is easily changed to permit dif
ferent hardnesses of rubber to be used. Permeability measurements 1-,ere 
re peatable but are not compared to other device measurements. This devi ce was 
dev eloped for portability and ease of use. 

The Army Corps of Engineers Waterways Experiment Station (WES) developed 
a simple static water device (Refere nce 19). The equipment consists of a 
graduate d tra ns parent cylinder with an inflow valve, a rubber ring, and a load 
gage. This equipment can be used with constant head or falling he, ~ methods 
(Fi gures 15 and 16). When using the constant head method, permeability is 
measured as a flow rate. This flow rate is found by calibrating the scale of 
settings for the variable-flow pum p used to maintain the constant head (Refer
ence 32). Tfie rubber ring is sealed between the device and pavement by an 
appl ·ied loaa from a vehicle. This device was not compared to any other type 
.of permeability equipment test results as a control, but was shown to have 
good repeatability. The field device is portable and easy to use. The test 
procedure and details are included in Appendix A. 

Other experience has shown better results on PFS when the rubber ring was 
replaced with a silicone-sponge rubber gasket to prevent surface flow and 
measure more representative permeability values (Reference 13). 

Other pavement permeability test methods were found in the literature 
search. Another static air permeability testing device in use is the Air
Permeameter (Reference 33). This device i s used for construction control of 
as phalt concrete (AC) pavement. The device is made of a 152-mm (6-inch)-dia
meter pipe, 203 mm (8 inches) in length, which is fitted with a low pressure 
gage and a check valve. A hand pump supplies 28-kPa (4-lb/in. 2 ) pressure 
which flows through a sample contained 1n the pipe. The time for the pressure 
to reduce to 3.4 kPa (1/2 lb/in. 2 ) is recorded. A simplified technique is 
used to measure static water permeability of pavement by forming a grease ring 
on the pavement surface and then applying water to the area within the ring. 
Permeabi lity is determined by the rate of water fl O\~ into the pavement ( Refer
ences 20 and 22). While this method may be easy to use, separation of pave
ment permeability and evaporation rates is difficult, if not impractical. 
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FIGURE 13. OUTFLOW METER 
(REFERENCE 31) 
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FIGURE 14. SCHEMATIC DIAGRAM OF OUTFLOW METER 
(REFERENCE 31) 
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FIGURE 15. WES STATIC WATER PERMEABILITY DEVICE 
(REFERENCE 19) 
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FIGURE 16 . WE S PERM EABILITY DEVICE (1 in = 25 .4 i!n:i ) 
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This simplified technique was investigated and tested by Gilbert and Keyser 
(Reference 25) along with five other methods which were selected from a group 
of fifteen permeability devices. Gilbert and Keyser concluded that a standard 
unit of permeability needs to be established and suggested that K/L (K = 
permeability, L = length of porous medium) be used. Permeability devices 
tested were of the static type and are very similar in operation to static 
devices presented in this report. Selection of the type of permeability meter 
according to the purpose of measurements, with respect to their inherent 
limitations, is shown to be important. Further studies were recommended to 
establish the precision of the different permeability devices tested. 

Another device used to measure permeability is the RAE Surface Texture 
Tes t Rig shown in Figure 17 (Reference 34). This device is intended to 
meas ure the flow of water through the tire footprint-runway surface interface 
under pressure. Water is supplied from a fire engine through a measuring 
ve nturi to the center of an 11 inch diameter pad held down to the test surface 
by a beam, which in turn is held down by two heavy vehicles. 

Of the permeability devices presented, only the WES Static Water Permea
bi lity Device has been used for evaluating airfield PFS pavements. The 
rema ining devices have been tested on highway pavements. The dynamic devices 
modeling hydrodynamic pressures appear to have potential in measuring permea
bil ity experienced at high pressures by airfield PFS pavement. The use of 
pressurized air to measure PFS permeability may not work well considering the 
poros ity and continuous voids commonly found in airfield PFS. 



TAN KER WHEELS 

LOAD 

WATER 
SUPPLY 

RUBBER PAD 

FI XED PIVOT 

FIGURE 77 . R.A. E. SURFACE TEXTURE TEST RIG 
( REFER ENCE 34) 
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CONCLUSIONS 

SECT ION VI 
CONCLUSIONS AND RECOMMENDATIONS 

From the literature search, six permeability testing devices were 
se lected as being the most representative. The devices include the 
fo llowing: 

Dynamic 

a. Dynamic Permeability Testing Device (water) 

b. Dynamic Air Outflow Meter (air) 

Static 

a. Static Air Permeability Meter (air) 

b. ASTM Air Permeability Meter (air) 
c. Outflow Meter (water) 

d. Static Water Permeability Device (water) 

Permeability tests have been recommended by l~ES to measure drainage 
ca pacity of porous friction surfaces (Reference 19). The dynamic permeability 
devices considered in this report appear to be able to model the hydrodynamic 
pressures developed on the pavement surface during actual operating condi
tions. The use of the dynamic air permeability meter seems to be questionable 
beca use of the compressible nature of air. Furthermore, the dynamic water 
permeability device had some operational problems when performing tests in 
rapid succession. In addition, there is some question about the validity of 
dynamic test results because of the violation of Darcy's law in dynamic 
testing. Further work is needed to check the validity of test results and 
i nvestigate techniques of dynamic permeability testing. 

For static tests, the air permeability meter using pressurized air at a 
co nstant flow appears to be the most portable, easiest to use, and fastest 
measuring device. A direct readout of the flow rate is given by this equip
me nt. This device, which takes about 5 seconds per reading, could minimize 
runway down time. Other devices that measure flow require time measurements 
by the operator. Cost of the air permeability meter is comparable to nuclear 
density equipment, which can cost about $2,500 to $5,000. However, tests of 
the air permeability meter have been performed on highway pavements only and 
lea ves some question about the equipments ability to adequately measure 
typically very porous airfield PFS. Testing of the air permeability meter on 
ai rfield PFS is necessary to confirm the functional ability of the equipment 
on very porous surfaces. 
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Of the out flow style devi ce s found in the literature search, only the WES 
dev i ce 11a s shown to effe cti vely meas ure airfield pavement permeability. A 
draw in g of this de vi ce is shown in Figu re 16 and the test procedure is dis
cus ed in Ap pend i x A. Th e WES stati c water device testing procedure is more 
time consumi ng, but is proba bly less costly than the static ai r permeability 
me t er . Per111 ea bility is very impo rtant in the functional operation of porous 
fr i ct i on sur faces and can be acc urately monitored using the WES static water 
devi ce . 

Pro blems hav e been exper ienced with dynamic testing devices, namely vio
l ation of Darcy•s law an d operat ion al problems. The dynamic devices appear to 
have some future for meas uring permeability of pavements at hydrodynamic pres
sure s. The static wa ter permeab ility meter used by WES has been shown to be 
ef fe ctive on PFS. St ati c de vi ces using air have been effectively used on 
highway pavements, but have not been tested on very porous pavement s such as 
airfield PFS. Some further t esting needs to be done with Static air devices 
on PFS. " 

RE COM Mrn DATIO NS 

The WES static water device has been shown to effectively mea~ure the 
permeabil ity of airfield PFS. Exte nsive field and laboratory testing by WES 
has shown the equipment to be relia ble and easy to use. Fabrication costs of 
this equipment should be nominal. This test device and procedure are provided 
in Appendix A. This equipment could be used by an airbase or airport as a 
ma intenance tool to measure PFS permeability. 
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APPENDIX A 
WES PERMEABILITY TEST DEVICE 

The WES pe rmeability t est device consists of a clear plastic standpipe 
[2-i nch (5 .08 cm) ID and 2 1/2-inch (6.35 cm) OD] with a height of 13 inches 
(33 cm) . The device has a 1/2-inch (12.7 mm} thick, 4-inch (10.16 cm} OD 
col l ar on the bottom with a 1/4-inch (6.35 mm} thick sponge-rubber gasket 
[2-inch (5. 08 cm) ID and 4-inch (10.16 cm) OD] to prevent surface leakage 
( Fi gure A-1) . 

The results of the permeability tests are affected by the surcharge load 
appl i ed to ensure contact of the standpipe and pavement surface. A surcharge 
load of 100 pounds (444.8 N) has been satisfactorily used to ensure that the 
condit i on of the tests are reasonably constant in this respect. Any method of 
supp lyi ng this surcharge is applicable, provided it is constant and is applied 
perpend i cul a r to the pavement surface tested. 

\.J hen t he standpipe has been positioned and loaded, water is introduced 
into the s tandpipe to a level above the IO-inch (25.4 cm} mark on the side of 
the sta ndp ipe. The addition of water is then stopped, and the time to fall 
from the 10- to 5-inch (25.4 to 12.7 cm) level is measured with a stopwatch. 
Th is tes t is repeated three times and the average of the values is computed. 
Ttie flow ra te is determined from the relation Q = VA. Thus, for a 5-inch 
(12. 7 cm) falling head, Qin ml/min is equal to 15,436.8 divided by the time 
to a ll i n seconds. A wide range in permeability measurements can be 
expec t ed , but a reasonable lower limit of permeability for newly constructed 
PFC pav ement is 1000 ml/min. 

FIELD TES TS 

In the field 1 an open truck door or bumper-mounted bracket can be used 
for the rea ction weight, and an extension screw can be used to apply the load. 
The oa d system should include a ball bearing or universal mechanism for self-
al ig nment. In the field where a truck is used to react against, the truck 
shou l d no t be parked broadside to the wind. Wind rocking the truck will cause 
t he load to vary and affect the results. 

LABORA TOR Y TESTS 

In the laboratory, good results have been obtained by conducting the test 
on 6-inc h (1 5.24 cm) diameter specimens. 
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OVERFLOW/VENT 
3/ 8-in HOLE 

MARKINGS AT 5 AND 10 in 
HIGH. REFERENCED FROM 
BOTTOM OF BASE 

WATER INTAKE 
1/2-12 UNC-2B 

1-
2 in 

2-1/ 2 in 

2-i n DIAMETER 

13 in 

11-1/2 in 

T 

l_a----+----+---.ot-------
1/4 in _J 

4 in 
RUBBER GASKET 

FIGURE A-1. WES PERMEABILITY DEVICE {l in. = 25.4 mm). 
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